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CONTRIBUTIONS FROM THE ZOOLOGICAL LAB- 
ORATORY OF THE MUSEUM OF COMPARA- 
TIVE ZOOLOGY AT HARVARD COLLEGE, 
E. L. MARK, DIRECTOR.— No. 139. 

A PARAFFINE BATH HEATED BY ELECTRICITY. 

E. L. MARK. 

Under the stimulus of disastrous explosions of gas in other 
museums and some unpleasant experiences in our own, it was 
decided somewhat over a year ago to replace, as far as practica- 
ble, heating by gas in the Museum laboratories with heating by 
electricity. The greatest danger from the use of gas is incurred 
where two or more lights are kept constantly burning in the 
same room. All of our constant burners for heating water- 
baths, warm ovens, etc., have been for many years supplied with 
the Koch automatic cut off, so that in case of accidental extin- 
guishing of the flame, the cooling down of the burner would 
automatically shut off the gas supply. But the lever of the 
Koch burner will not always work, even though loaded with a 
weight greater than that which it carries when it comes from 
the maker ; moreover, the metal, on the expansion and contrac- 
tion of which the tripping apparatus depends, after a time loses 
to a certain extent its expansive properties, so that it fails to 
release the lever and cut off the gas. 

The Departments of Botany and of Zoology were already in 
possession of a number of copper water-baths for heating paraf- 
fine and warm ovens of various constructions, which it was 
desirable to retain if they could be provided with a suitable 
electric heating apparatus. With the aid of suggestions from 
Professor Sabine of the Department of Physics and the coopera- 
tion of constructors of electrical apparatus, a plan was finally 
worked out which answers fairly well the requirements of the 
ordinary parafflne water-baths. 
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There were two chief problems to be solved : first, to ascer- 
tain the minimum heating capacity of the heating coil necessary 
for each bath; secondly, to devise an automatic regulator to 
control the electric heating current. To reduce the amount of 
heat lost, each bath was provided with a felt jacket, — covering 
all parts except the top, — enclosed in a canvas cover. The 
felt was about half an inch thick, and the canvas cover after 




i. — Para'fine water-bath and automatic electric heating apparatus. The 150-ohm tele- 
graphic relay apparatus is mounted on the top of box containing a one-cell battery. Plug 
in place in the receptacle. At the right the plug of another heating apparatus removed 
from receptacle and hung on a hook. At the left a detached heating coil and insulated 
wire cable hanging on the wall. R., regulator; T., thermometer; IV., wires of heating 
circuit ; W ., wires of relay circuit. 



being slipped over the felt was laced up on one side, as is shown 
above the faucet in Figure i . The manufacturers of the heat- 
ing apparatus employed (the Simplex Electric Co. of Boston and 
Cambridge) then determined empirically the proper resistance 
and length of coil required to maintain a given temperature in 
each of the different forms and sizes of baths. To insure uni- 
form distribution of heat, the coil should make at least one whole 
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turn. As constructed for our paraffine baths the coil is a some- 
what flexible cylinder, about half an inch in diameter, with cop- 
per covering. With its attached insulated wires such a coil is 
shown hanging on the wall at the left in Figure 1 . The resist- 
ance metal used in the coil was a copper-nickel alloy. In the 
case of the paraffine baths this coil was simply shoved into the 
bath through an inch hole made in the top of the bath. The 
knob with connecting wires protrudes outside, and the coil rests 
on the floor of the bath, immersed, of course, in water. In the 
case of the thermostats used for incubating purposes, etc., a hole 
was cut in the side or bottom of the water reservoir, and the 
coil after being introduced was soldered in place so as to close 
the hole. 

To devise a regulator was more difficult. The use of an ordi- 
nary rheostat proved to be impracticable, because it was not possi- 
ble to make sufficiently fine gradations of resistance for different 
temperatures, nor by it to provide against fluctuations in the 
initial current. 

The method finally adopted utilizes a one-cell relay battery to 
magnetize an electro-magnet. The heating current is made to 
pass through the armature, which is pulled into contact with a 
vertical post by means of a delicate spring. When the armature 
is drawn away from the post by the magnet the heating current 
is broken. Into the circuit of the relay battery is put the regula- 
tor ; when the relay circuit is closed at the regulator, the mag- 
net operates on the armature and breaks the heating current ; 
when the relay circuit is broken at the regulator, the armature 
is drawn back by the spring to its first position thus closing the 
heating circuit. 

Our Reichert gas regulators (R), already in use for the pur- 
pose of regulating the gas supply to the burners, were adapted 
by very slight changes to the new requirements. The tubular 
glass stopper carrying the gas inlet was removed ; in its place 
was put a cork, bored to receive one of the copper wires ( W) 
from the single-cell battery of the Leclanche type (Samson cell 
No. 2). The copper wire terminates with a No. 20 platinum 
wire (Fig. 3, Pi) which is about an inch long; the height of the 
lower end of this wire above the mercury in the column can be 
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roughly adjusted by moving the copper wire through the cork 
and wedging it in place by a small wooden wedge occupying 
with the wire the hole in the cork. The contact of the mercury 
with the platinum wire serves to close the circuit of the battery, 
the other wire from the battery being connected to the mercury 
by means of the screw and piston in the side tube used to adjust 
the height of the mercury column. Into this single-cell circuit 
is put a standard 1 5 o-ohm telegraphic relay machine of the pat- 
tern used by the Western Union Telegraph Co. 
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Fig. 2. — Diagram to show the connections of heating coil and circuit with relay battery, electro- 
magnet and mercurial regulator. A., armature ; B., battery; Cheating coil ; M., electro- 
magnet; P., post in the heating circuit; R., regulator; S., spring; IF., wire of the heat- 
ing circuit; JI''., wire of the relay circuit. 

Fig. 3. — Upper part of mercurial regulator — Reichert's gas regulator modified — drawn to larger 
scale than in Figure 2. Ft., platinum wire. 

The closure of this single-cell circuit magnetizes the core of 
the electro-magnet (M.), which, pulling against the delicate spring 
(S.), overcomes it and moves the armature (A.) away from the 
post (P.), thereby breaking the heating current. 

When, owing to the interruption of the heating current, the 
bath cools, the mercury in the regulator recedes from the plati- 
num point, thus breaking the relay circuit, the electro-magnet 
becomes demagnetized, and the delicate spring pulls the armature 
into contact with the post and thus closes the heating current. 
The finer adjustment of the distance between platinum point and 
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mercury in the regulator is effected, as in gas regulation, by the 
screw and piston working on the mercury in the horizontal arm 
of the regulator. 

The points on armature and post at which the heating current 
(1 10 volts alternating) is made or broken require to be made of 
heavy platinum wire (No. 15), for otherwise there is danger that 
the metal will fuse. 

The paraffme baths of the form shown in Figure 1 are about 
19 inches in diameter and 5 inches deep. The current required 
to heat such a bath is approximately equal to that of four 16- 
candle-power lamps. This could be much reduced by enclosing 
the bath in a glazed frame, one side of which would have to be 
movable to permit access to the cups. 

The whole apparatus, except the heating coil, was furnished 
and installed by Clark & Mills, 23 Church St., Cambridge, and 
543 Boylston St., Boston. It cost, including the heating coils, 
between $25.00 and $30.00 for each bath. 

In determining the resistance to be used in the heating coil, 
one should make it as low as possible consistent with the maxi- 
mum heating capacity required ; for with greater heating capacity 
the heating current will be in operation a shorter time than with 
less heating capacity, and consequently the relay current — 
which is in operation whenever the heating current is not — will 
be required to work longer, and therefore the battery will become 
exhausted sooner. When the battery is so far exhausted that it 
will no longer magnetize the core sufficiently to overcome the 
spring and break the current, the regulation fails and too high a 
temperature results. However, a single cell will, with proper 
care, last for several months without renewal. To guard against 
the danger of too weak a relay current, one should test the cur- 
rent from time to time with a voltmeter. 

There is one difficulty with this mercurial regulator, due to 
the oxidation of the mercury at the time of making and breaking 
the relay current. This in time causes a deposit on the platinum 
wire of oxide, which acts as an insulator and thus prevents sharp 
contact. The deposit may be removed, however, by immersing 
the platinum wire from time to time in weak nitric acid, and if a 
layer of high-test kerosene oil covers the mercury in the regu- 
lator the oxidation may be prevented. 



